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1.0 INTRODUCTION 


This report presents the results of the first phase of the Antenna Evaluation 
Stvidy for the Shuttle Multispectral Radar (SMR) - The original goals of 
Phase I were to make preliminary indentif ication cf those critical parameters 
of the Shuttle Multispectral Radar Antenna (SMRA) which most affect aintenna per- 
formance and to write a first draft of specifications for the subarrays 
which will be auialyzed in Phases III and IV. During the course of this 
research it was decided to expand the scope of Phase I to include the develop- 
ment of a preliminary mathematical model describing SMRA performance under 
the influence of various physical and environmental factors. Th was 
necessary to identify those key antenna parameters and environmental conditions 
which might degrade SMRA performance. This has allowed more time in Phase 
II for the simulation and study of critical factors which may create or 
influence these error-causing conditions. 

1.1 Some Projected User Needs 

A key and as yet not completely answered question is the instrumentation 
requirement of the rather nebulously defined user community. Studies by 
Hughes Aircraft Co. and JPL have suggested L and X-bands as a dual-frequency 
choice best suited to the needs of potential users, yet realizcible in terms 
of development. In addition, dual polarization capcd>ility has been specified 
along with three incidence angles and various swath widths. 

Space radars with imaging capedbilities have a considerable potential appli- 
cability in the following areas; 

1. Soil moisture determination 

2. Flood area monitoring 

3. Crop discrimination 

4. Crop yield estimates 

5. Plant biomass 

6. Mineral and petroleum exploration 

7. Sea and lake ice mapping 

8. Iceberg monitoring 
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These application areas have been discussed in two Active Microwave Workshops 

(Fall, 1974 amd Fall, 1976 at NASA/JSC) along with an additional October, 1976 

Shuttle Multispectral Radar Applications Meeting held at NASA/JSC. These 

meetings have also pointed out that L and X-bands are not optimum for some 

prime application areas. For example, C-bamd amd K^-band are optimum for 

soil moisture measurement and vegetation classification, respectively. At 

the time of this writing, the user groups have not been able to agree on two 

optimum frequencies best suited for the broadest range of application; this 

has imposed additional delays on detailed specification of optimum incidence 

angles, registration of cross-band beams, etc. For exan^le, it has been 

shown that soil moisture determination is best carried out at about 4.5 GHz 

and for incidence angles in the 7° - 12° range, whereas crop classification 

o o 

is optimally accomplished at 14 GHz and with a 40 - 50 incidence cmgle 

range. 

This situation of uncertainty requires that the present antenna study incor- 
porate frequencies ranging from 1. 2 - 14.5 GHz as well as a consideration of 
incidence angles from near-nadir to nearly 50°. In fact, one of the eventual 
goals of this project is to provide simulated performance data at a V2u:iety 
of frequencies, incidence angles, etc.; this may impose additional hardware- 
related restrictions on finalized choices of SMR design parameters. 

1.2 The Need For A Comprehensive and Independent Antenna Evaluation 
Study 


The Shuttle Multispectral Radar Antenna, being an electrically large 
radiator, has several characteristics that require a thorough analysis. 
Preliminary studies indicate that the SMRA must be a large structure, on the 
order of 12 m by 3 m which can operate in a space environment. The determina- 
tion of its electrical behavior (gain, beamshape, pointing accuracy, etc.) 
is vital to the calibra. n of the overall SAR system and thus to the success 
of the mission itself. Since the antenna development cost is by far the 
largest system development budget item, it is economically imperative that 
critical antenna parameters and potential calibration problems be identified 
early in order to avoid costly mechanical amd electrical redesign phases 
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which might otherwise be required. In effect, a macro developmental and 
simulation exercise such as described herein seeks to clearly identify 
at a very early stage those most likely technological problem areas which 
invariably accompany the development of a state-of-the-art instrument such 
as the Shuttle Multispectral Radar; this not only helps to avoid costly develop- 
ment errors but also permits a realistic prediction of the performance of 
the instrument itself and thus allows design/performance tradeoffs to be 
made at a much earlier stage of development. 

The hug i electrical, size of the total antenna structure suggests that conven- 
tional techniques for measurement of important electrical paurameters will be 
of little use and that novel calibration schemes must be devised. In addition, 
electrical and mechanical tolerance errors, paurticularly systematic ones, 
are more likely to seriously degrade the performance of a large auitenna. In 
preliminary investigations by Hughes Aircraft Co. amd Ball Brothers Reseairch 
Corp. , the antenna configuration and size was specified, but no bounds were 
placed on toleramce errors or performance indices. These bounds should be 
determined as soon as possible to avoid the expense of constructing either 
an antenna whose parameters aire overly restricted or am antenna whose perfor- 
mamce will be inadequate for the desired applications. 

In addition to determining antenna performance in am idealized environment, 
it is also necessary to predict i n situ performance and to devise means for 
assurance of calibration stability. This prediction requires am adequate 
mathematical model which describes the SMRA performance including space 
environmental factors such as thermal gradient effects on electrical flatness, 
beam pointing stability, material stability in a near-vacuum environment, 
and effects of multiple scatter from the shuttle bus itself. 

Although the effect of the SAR processor on the synthetic antenna performance 
has not been considered in this report, it will be discussed in subsequent 
reports. The quality of the image processors currently being considered may 
have little effect on the image if the antenna performance is significantly 
degraded by external factors, or vice versa . A related consideration is the 
study of realistic .ystem calibration tecnniques. ...^stem development must 
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be planned with calibration as am in t egral part of the design process; 
calibration must not be an afterthought. Since the SMR can only be calibrated 
to within a specified uncertainty, the antenna should not be overspecified 
to a level which cannot even be measured. For example, it should be possible 
to answer the question, "What level of antenna cross-polarization rejection 
is actually necessary in light of; 1) user requirements, and 2) ability to 
calibrate cross-polarized performance?” 

1.3 A Two-Path Approach To The Antenna Study Problem 

An answer to the questions in the last section requires the development of 
both mathematical techniques and computer programs to analyze random and 
systematic electrical and mechanical SMRA errors, and a method of measuring 
and testing antennas representing the competing approaches. This dual 
approach has been followed in Phase I and will continue to be used in subse- 
quent phases - 

The mechanical model and computer simulation relate electrical and mechanical 
tolerances to performance indices. The model is being designed to that 
tradeoffs can be made between the quality of performance and the expense of 
tight tolerances. It is also capable of predicting SMRA performance under 
various space environmental conditions. Finally, through einalysis of the 
results of several simulations, the model is able to flag any possible 
problems that one of the competing designs might incur. In Phase I antenna 
parameters have been idantified which are critical to both antenna and 
system performance. Furtliermore , a preliminary mathematical model amd a 
computer program have been developed emd tested. Subsequent phases will 
deal with refinement of the model and the simulation of a number of scenarios. 

The measurement/testing problems can be alleviated by performing appropriate 
tests on macro model subarray antennas representing the competing design 
approaches. These measurements will include near-field and far-field electrical 
performance tests and thermal cycling tests with mechemical flatness measure- 
ments. The results of these tests will be entered into the SMRA simulation 
model to predict the perforrjvance of the full size array. In Phase I, those 
parameters which must be measured have been identified. 
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1.4 Scope of Work 

This report presents the results of several activities associated with the 
development of the mathematical model, the computer program, and the subeirray 
pemel requirement. These activities were: 

1. A review of the antenna designs from the definition phase. 

2. An identification of critical SMRA performance parameters. 

3. An identification of conditions which may degrade SMRA performance. 

4. An identification of factors which may create or influence error- 
causing conditions. 

5. The development of a preliminary SMRA mathematical model. 

6. The organization of the SMRA computer simulation program. 

7. A demonstration of the flexibility of the SMRA computer program. 

8. The identification of requirements nd specif ications for the 
subarray panels. 

9. The development of an interface data tape for the University 

of Texas Applied Research Laboratory image processor simulation 
progreun. 

The prinicpal results obtained to date are: 

1. A cause-effect relationship for various environmental emd physical 
factors on the antenna electrical and mechanical behavior. 

2. A baseline mathematical model for the electrical and mechanical 
behavior of the SMRA in a space environment. 

A compilation of results of the simulation of the baseline designs 
for both competing approaches and several sample scenarious 
demonstrating the flexibility of the mathematical simulation. 
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2.0 IDENTIFICATION OF IMPORTANT PARAMETERS, THEIR EFFECT ON SMR SYSTEM 
PERFORMANCE AND POSSIBLE TRADEOFFS 


2.1 A Review Of The Antenna Designs From The Definition Phase 

A review of the candidate SMR system approaches and synthetic aperture 
techniques was conducted early in Phase I in order to establish a familiarity 
with both the auitennas themseJves and the interaction between the antenna 
and the image processor. It was found that although preliminary specifications 
had been placed on some of the antenna parameters, there was not a tolerance 
budget (or rationale for one) for each major component of the overall system. 
Because the performance of the overall system is set by both the emtenna and 
the image processor, and because these cannot be designed independently, it 
is our opinion that further refinement of antenna performance parameters 
be withheld pending dual simulation of antenna and processor. To this end, 
we have developed cm auxiliary computer program which generates real antenna 
pattern data for use by the Applied Research Laboratories (University of Texas) 
in their image processor simulations. 

Both Huahes and JPL have suggested in independently conducted studies that 
the SMR antenna be a large, planar array of approximately three meters by 
twelve meters. The twelve meter azimuth dimension was predicated upon the 
resolution requirement. The three meter elevation dimension was based upon the 
swath width requirement, space required for both L- and X-band antennas, and 
payload weight/size restrictions. Both designs would use uniform illumination 
eind would achieve three different elevation beamwidths by switching between 
two panels. The amgle of incidence would be controlled by the attitudes of 
the shuttle. Hughes proposed to use crossed dipoles at L-band and waveguides 
slots at X-band, whereas Ball Brothers (under contract to JPL) would use 
microstrip elements at both frequencies. For launch and boost, the antenna 
would be folded twice in the azimuth dimension and srowed within the shuttle 
payload compartment. After orbit insertion, the antenna would be deployed 
to its nominally flat shape. A comparison of the Hughes and JPL/Ball 
Brothers antenna specifications is given in Table 1. More detailed information 
can be found in the Hughes report to NASA/JSC of October 1975 and the JPL 
report to NASA/ JSC of March 1976. 
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TABLE 1. A conparison of JPL/Ball Brothers amd Hughes antenna specifications. 



♦Gain figures include 2.4 dB system loss 
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The similarity of the two designs makes it possible to model both antennas with 
the sane algorithm and computer program. The only significant electrical 
difference is the eloaent type, and this may be handled with only a minor 
change in one subprogram. 

2.2 Critical Antenna Parameters 


Six antenna electrical parameters have been identified ais being critical to 
the SKR performance. They are: 

1. Antenna gain and efficiency. 

2. Main beam shape. 

3. Side lobe level. 

4. Polarization purity. 

5. Beam pointing accuracy. 

6. Cross-band and cross-polarization beam coincidence. 

For each of these parameters, bot.i static errors and dynamic errors must be 
considered. In many cases, static errors, or those errors which do not 
change during a mission, can be compensated. On the other hand, dynamic 
errors whose effect on performance may change during a mission, are quite 
difficult to handle. For example, the shape of the main beam will modulate 
the data. If the beam shape is known, this effect may be processed out of 
the final image. But if the beam shape changes during flight, £is it may 
due to thermal distortion of the antenna structure, it may be impossible to 
compensate for the tine-varying modulation without real-time knowledge of 
the antenna pattern. 

In the following, each of the above six parameters will be discussed 
considering both types of errors and possible tradeoffs with other system 
components . 

Antenna Gain & Efficiency — Static errors will affect the system signal-to- 
noise ratio (SNR). Tradeoffs are with transmitter power, receiver sensitivity, 
and minimum detectable scattering cross section. Slow changes in the antenna 
gain or efficiency over a period of hours or days cause instability in the 
system calibration. 
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Main Beam Shape — The azinuth beam shape does not affect the system as much 
as the elevation beam shape, since each resolution cell "sees” the entire 
azimuth beam but only sees a portion of the elevation beam. As mentioned 
above, the static antenna gain pattern tieights the an^litude of the data, 
but this effect can be compensated by using the ^propriate (in elevation) 
processor demodulation algorithm. Hotiever, dynamic changes in the beam 
(e.g., caused by thermal deformations related to changing sun angle) are 
largely uncorrectable and lead to a degradation in image quality. 

Side Lobe Level (SLL) — The prinicpal impact of the side lobe level on the 
overal' systm is one of ambiguities within the processed image. Uniform 
illuBunation of the SMRA will produce a theoretical SLL of -13.3 dB (one-way), 
but this level may rise due to panel folding/unfolding errors, mechanical 
and thermal distortions, etc. However, azimuth ambiguities can be suppressed 
further by proper choice of the Doppler processing bandwidth and the pulse 
repetition frequency (PRF) . Range ambiguities are the result of ground point 
returns that Jire outside the desired image swath width which arrives at the 
receiver simultaneously with the return from a point tdiich lies within the 
desired swath width. Unfortunately, their control is provided almost exclu- 
sively by the antenna elevation pattern. Consequently, any rise in the side 
lobes, static or time-varying, will decrease the imaged signal-to-ambiguity 
ratio. Furthermore, an increase in the SLL indicates that the antenna gain 
has decreased, degrading the SMR as well. Elevation side lobes are the most 
critical since no compensation can be performed on the processed image. 

Another quality criterion is that of total pea)c to total side lobe power 
ratio. Even though all side lobes may fall below some relative level 
(for example , -20 dB) , the integrated SLL power level may completely mas)c 
the presence of a fairly strong point teirget. 

One obvious, but expensive, solution to the ambiguities problem woula be 
to overdesign the range pattern of the SMRA by tapering the range excitation 
amplitude to produce an even lower side lobe level. There are two o«.her 
tradeoffs to be considered. First, the SMRA would be more susceptible to 
errors induced by mechanical and thermal distortions since tighter control on 
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magnitude and phase excitation tolerances is necessary to obtain the low 
side lobe pattern. Secondly, the three required beamwidths could not be 
obtained simply by switching between the two subarrays as in the case of 
uniform illumination. 

Polarization Purity — No adequately substantiated performance guideline for 
polarization purity has yet been announced. However, it is felt that this 
parameter will be important to the scientific community and should be considered. 
In theory, the presence of any cross-polarized field at the antenna output 
will degrade the quality of the data. However, the cross-polarization level 
performance actually required depends on the intended use of the data and 
the sophistication of the 0® classification models. For example, in the X- 
band GEMS SAR, most users feel that a -20 dB cross-polarization level is quite 
adequate. The level of this unwanted component can be controlled to scxne 
degree by the selection of the array element type and the fabrication of a 
supporting structure that will allow little, if any, deviation of the array 
surface from mechanical flatness. The principal tradeoffs are against expense 
and technical risk. It is conceivable that any static purity problems might 
be comi>ensated in the processing hardware, but certainly, time-changing 
instabilities would be uncontrollable. 

Beam P o inting Accuracy — The items basic to the subject of eujtenna pointing 
are: 1) The position of the antenna beam relative to the zero Doppler plane; 

and 2) The rate of change of that position. Both of these items must be 
considered when attempting to locate the plane of zero Doppler for the 
processor. In the process of forming the synthetic aperture, it is necessary 
to sense any changes iu the position of the antenna beam relative to the 
isodops (surfaces of constant Doppler frequency) so that the resulting image 
may be compensated. One way of doing this is .o monitor in real time the 
average Doppler shift of the radar data and use this information to keep the 
beam centered about the required isodop. Unfortunately, this requires precise 
control of the beam pointing direction, and any errors, static or dynamic, 
will tend to invalidate this approach. 

A second approach would be to monitor the data auid dynamically adjust the 
processor to compensate for deviations in beam position as well as orbit 
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eccentricity and angular velocity (combined pitch, roll, and yaw velocities) 
of the spacecraft. Using this approach, the antenna requirements are reduced 
(at the expense of increased processor complexity) to placing limits on the 
angular excursions of the combined antenna electrical/mechanical beam pointing 
directions and on the rate of change of this angular motion. 

The following antenna pointing and stability limits have been recomnended^ : 

+ 0-5 degrees in pitch, roll anw. yaw. 

0.01 degrees per second maximum in pitch, roll, and yaw rates. 

In summary, a tradeoff exists between processor complexity and antenuc* beam 
pointing requirements. 

Cross-Band and Cross-Polarization Beam Coincidence — No information is yet 
available on beam coincidence requirements. Obviously, the closer the coin- 
cidence of footprint registration, the more meaningful the cross-band and 
cross-polarization data becomes. Again, the intended uses of the SMR data 
must be considered in attempting to qualify beam coincidence requirements. 

Two major projected uses are: 1) Crop classification, and 2) Soil moisture 

measurement, with the high frequency being most useful for (1) and the lower 
frequency most useful for (2), Thus, in specifying the cross-band beam 
coincidence, one must ask how the data are to be used in eui interpretive 
model. See Section 1.1. 

It is conceivable that any static errors could be compensated by increasing 
the processor complexity. However, dyneimic changes in beam coincidence seem 
to be undetectable and hence uncompensatetble 

2.3 Conditions Which May Degrade Antenna Performanc e 

The six critical antenna parameters of the last section are directly affected 
by both rauidom and systematic error'j in the electrical excitation and/or 
mechaiiical instruction emd orientation of the StIR array. This section 

^ J.G. Mehlis, Shuttle Synthetic Aperture Radar Imp lamentation Study , Vol. I, 
Jet Propulsion Laboratory Document 750-73, Pasadena, California, March 8, 
1976, p. 2-42. 
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discusses the effect of various types of errors upon the performance of the 
antenna. 


2.3.1 Electrical Errors 


Electri:;.! errors are classified into two types, random and systematic. 

While b('th classes will be discussed, it is felt that the effects of system- 
atxc errnrs on SMRA performance will be the more importemt consideration in 
the performance of the real antenna since the overall effect of small rcuidom 
ei:*ors d: ninish as the size of the array increases due to an averaging effect. 
It shoul be pointed out that random errors ^ affect the performance of the 
s'/nthesi ed antenna pattern (e.g., synthetic beam pointing errors caused by 
pha^e decorrelation due to random phase errors) , but the extent to which 
these errors degrade overall system performance cannot be predicted without 
further study and a knowledge of the image processor operation. 

Bandar electrical errors may be divided into three categories: 

1. Amplitude errors. 

7 . Phase errors . 

3 Errors in the individual element patterns. 

Random anr^litude errc's will cause a loss of gain, a broadening of the main 
beam, a reduction in null depths, and to a lesser extent, a rise in the side 
lobe level. Randcon phase errors affect the real beam pointing direction and 
SLIi, as do errors in the characteristics of the individual element patterns. 
These errors arise from the manufacture- controlled tolerances placed on the 
antenna whicl'. are the result of element-to-element variations in the feed 
arrangement, power d:. .ders, waveguide slot width and placement, etc. A 
given random erro; will affect X-band performcuice more than L-bcUid performance 
since phase toluremces are relative to wavelength. 

Systemat.-c electrical errors are much more difficult to analyze than random 
error .>ince the more important systematic errors depend upon the antenna 
structure and geometry. Consequently, little a priori information is 
available for tho systematic errors which may influence the performance of 
the SMRA. The more common (and most easily analyzed) errors are: 
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1. Linear phase errors. 

2. Quadratic phase errors. 

3. Ciibic phase errors. 

4. Periodic errors. 

A systematic linear phase shift across the array will change the beam pointing 
directiori, broaden the main beam, decrease the gain, increase the SLL, and 
degrade polarization purity. Quadratic phase errors tend to raise the null 
depths between side lobes, widen the main beam, reduce gains, and increase 
the level of the near-in side lobes. However, the beam direction remains 
unchanged. Cubic phase errors will shift the beam position, decrease the 
gain, and produce asymmetrical side lobes. Periodic errors create two 
additional side lobes and a loss of gain, but no beam pointing errors. 

Errors which caixnot be classified into one of the above categories must be 
analyzed separately. The only efficient method of tackling this problem is 
to simulate the effect of such errors on a digital computer. In tliis way, 
information concerning footprint shape, gain, etc., can be obtained for a 
large class of systematic errors. 

The ma -hematical algorithms for the simulation will be analyzed in Section 3, 
the organization of the computer program will be discussed in Section 4, and 
the source listing for the computer program is given in the appendix. 

2.3.2 Mechemical Errors 

Both ramdom and systematic mechanical errors arise from manufacturer-induced 
tolerances; space envirorunental effects on the antenna and its supporting 
structure induce additional systematic departures from flatness. Systematic 
mechanical errors will likely be more detrimental to SMRA performeince than 
random errors. 

The most significant mechanical error problems will be concerned with deviations 
of the array from nominal flatness. The effect of this error v’n performance 
will be the S 2 une as a systematic electrical phase error since the chemge in 
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element path-length distance introduced by this distortion can be viewed as 
an electrical phase difference. Hence, a mechanical distortion will exhibit 
the same effects as the phase distortions of the last section. These include 
beam defocusing, gain reduction, an SLL increase, and polarization purity 
degradation. 

Another source of mechanical errors is the random and systematic errors in 
the element locations. Translational errors will change the beam shape, 
raise the side lobe level, and may introduce other lobes. The effect of 
rotational errors would be to destroy the polarization purity and to decrease 
the gain. As with electrical errors, the only efficient method for determining 
the effect of mechanical errors to devise a suitable computer algorithm. One 
such algorithm is described in Sections 3 and 4. 

2.3.3 Other Sources of Errors 

One source of error that should not be ignored is the multipath effects 
caused by reflection from the Shuttle body and/or other experiments. A 
ray-optics treatment of the problem should be sufficient to identify any 
possible problems, and to suggest ways of reducing multipath effects to a 
minimum. 

Another consideration to the overall performance of the antenna is the 
degradation of materials due to the space environment and exhaust envelopes 
of the Shuttle engines. This could become important for the dielectric used 
in a microstrip cuitenna element. 

2.3.4 Summary of Errors 

The effects of various electrical and mechanical errors on SMRA performance 
is s\immau:lzed in Table 2. 

2.4 Summary 

The four cause-effect relationships discussed in Section 2 are graphically 
portrayed in Figure 1. Briefly, manufacturing, environmental, and deployment 



TABLE 2. The effects of electrical and mechanical errors on SMRA performance 
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Rotational Errors 
in Element Location 
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Figure 1. Cause-effect relationships for the SMR Antenna. 
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factors will create electrical and mechanical errors. These errors in turn 
affect the perform.. ::e of the SMR antenna which then changes the characteris- 
tics of the ground footprint, Fj.nally, the footprint shape is a major 
determinant of quality of the overall system. 



3.0 THE DEVELOPMENT OF A PRELIMINARY SMRA MATHEMATICAL MODEL 

To obtain predictions of the behavior of the Shuttle Multispectral Radar 
Antenna under a wide variety of electrical, mechanical, and environmental 
conditions, a nvimber of algorithms simulating the SMRA were developed. 
Emphasis was given to developing mathematical models that would predict the 
effect of systematic departures from mecheuiical and electrical flatness on 
beam pointing accuracy, beam efficiency, etc. Later phases of this work 
will add to the initial model additional algorithm modules that will take 
into account the results from thermal, mechanical and electrical tests. 

The theory and practical considerations behind the PSL approach to large- 
scale array modeling was presented in Section 2.2 of the Phase I Interim 
Report. This method has been expanded upon and implemented in the computer 
program discussed in Section 4 of this report. The results from a few 
selected examples are given in Section 5. 

3,1 Antenna Electrical and Mechemical Characteristics 


A flat uniformly excited rect^guiar electrically large array of equally- 
spaced elements lying in the (x, y)-plcme will produce a far-field radiation 
pattern of the form: 

E 


sin Mt|»^2 sin Nij; /2 


M sin (|/^2 N sin i|/y/2 


where : 


Eq = constant 

H a number of array elements in azimuth (x) 

N “ nximber of array elements in elevation (y) 


Sd u + a 

X X 


<{i Bd V + a 

y y 

B ” 2ir/X = wave number 


d^ ■ x-axis interelement spacing 
dy ■ y-axis interelement spacing 

u cosine of pointing direction with respect to the x-eucis 


v ■ cosine of pointing direction with respect to the y-axis 
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x-axis interelement phase shift 
y-axis interelement phase shift 


However, the presence of random and systematic electrical and mechanical 
errors in the array str^'-ture requires a much more general model. Three 
mechanical and electrical models were considered in the Phase I Interim Report. 
In essence, each model incorporated an approximation of the electrical and 
mechanical surfaces. The three varying degrees of approximation are described 
below. 

1. The array factor is the sum of the patterns of each individual 
element, each of which has its own location, orientation, and 
excitation. (No approximation) 

2. The electrical/mechanical deformation of the array is approximated 
by a function or sum of fvinctions whose closed-form array factor (s) 
can be found. 

3. The electrical/mechanical deformation of the array is approximated 
by piecewise bilinear error-minimizing rectangular sections. 

The first two of these were either too time-consuming or unable to model 
adequately severe systematic errors. The third alternative was considered 
to be the best compromise, especially if the number of subarray sections 
could be varied to reflect the severity of the distortion. 


The geometry of the approximated antenna surface is e:^lained in Figure 2 , 
while Figure 3 shows an individual subarray unit in local coordinates. 

3.1.1 The Antenna Radiation Pattern Algorithm 

Consider an array antenna composed of M x N subarray sections. The antenna 
is nominally located in the z=0 plane and it is centered about the z-axis 
as illustrated in Figure 4. The far-field radiation pattern of such an 
emtenna may oe written as the weighted sum of the contributions from each 
subarray. 

_ -jBrMN _ 

E(r,e,<M - ^-7- £ T 



20 



Figure 2. Geometry of the approximated antenna sr.rface. 


21 


z 

m 



Figure 3. Single subarray section in local coordinates. 
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j4 

mere: a e^’^nn 

■n 

(u, V, w) 

8=2ir/A 

n=i 




q \u, v) 
mn 


^n,J 

wxi mn nn 


« tlie ooB^lex excitation of the oin^ subarray. 

= (sinecos^, sinOsin^, cos0) , the cosines of the 
beam pointing direction with respect to the x, y, 
and z axes. 

- wave number of the source. 

= intrinsic impedance of the medium. 

= vector array factor of the mn^ siibarray. 


(x u + y V + z w) 
mn mn m 


th 


= location of the center of the mn subarray. 


For rectangular sections with dipole elements, the vector "subarray factor" 
has the form: 


sin 


~ sin*y2 


sin N lb /2 

- yV 

sinij;^2 


( 


m K 

COS — u 

Vl-u2 


cos y V 

yi_v2 


X Horizontal Polarization 
(3-3) 

y Vertical Poleurization 


where: 


N N 

X y 


d , d 

* y 


s number of elements in the subarray. 
= (jd^cos(cos ^u - a^) + 

* fld cos (cos - Q ) + * 

y y V 

» interelement spacing. 


4^, 4 =* interelement phase shift. 


®x' “y 


a the x-axis and y-axis angular tilt of the section. 


The (m,n) subscripts have been dropped for clarity. 


Notice that for a given linear polarization, |g I may be written as: 

' mn ' 

This separability allows one to precalculate f, (u) and f, (v) so that g 

* * mn 

may be calculated using a table look-up algorithm, greatly reducing the 
numbers of operations and function calculations. Since all subarray 



24 


sections are identical except for orientation, the sane f ^ and £2 tables 
nay be used for each. Ihe total far-field radiation pattern is then obtained 
by vectorally susming the contributions frcm each subarray. 

3.2 Antenna Position and Orientation 


The spacecraft position and orientation are specified by it.' altitude and 
three angles. These angles (YAW, TILT, are TWIST) axe defined by Figure 5. 
While it is true that only two angles ^u:e needed to specify any possible 
(static) orientation of the antenna, three angles are used to enable the 
user to picture clearly the antenna pointing direction. The antenna 
subsatellite point is assumed here to be 0** Longitude, 0° Latitude a« shown 
in Figure 6. 

The matrices for the three rotations are: 


YAW: 



" cos (YAW) 

sin(YAW) 


X* 




y’ 

= 

-sin (YAW) 

cos (YAW) 


y 




z\ 


0 

0 

iJL 

z_ 



TILT: 

x"" 


1 

0 

0 



1 


y- 

= 

0 

cos (TILT) 

-sin (TILT) 


z" 

to J 


0 

sin (TILT) 

cos (TILT)_ 

TWIST: 

X"' 


cos (TWIST) 

sin (TWIST) 

o" 


I." 



y"' 

= 

-sin (TWIST) 

cos (TWIST) 

0 

y 




z"’ 


0 

C 

1, 

_2 




In practice, the YAW, TILT, and TWIST matrices would be multiplied together 
and stored as a single 3x3 matrix. 

3. 3 Coordinate Transformation To Produce The "Footprint** On The 
Earth’s Surface 


There are two transformations involved: 
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Firrure 5. Orientation £mgles and geometry for the SMR antenna. 
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TRUE NORTH 

* 



Subsatellite 

Point 


Figure 6. SMRA antenna above a spherical earth. The 

subsatellite point is at 0° latitude, 0°longitude. 
beam is pointed at ( (latitude) , (longitude) ) . 


The 
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(1) What point, i.e., with latitude (a^) and longitude (o^) , on the 
earth's surface corresponds to a given beam direction (u,v)? 

(2) What antenna beam direction (u,v,) corresponds to a specified 
latitude and longitude location? 

The first transformation is used to predict the location of the beam center. 
The second is scessary to determine the "footprint” contours of the antenna. 


3.3.1 Latitude and Longitude From Beam Direction 


For an unrotated antenna pointing to a nadir of (0°, 0°), the following 
formulas may be derived: 


a 


r 


. -1 
sin 


fR^+Alt 


R 

e 


sinQ 


- 0 (a^>0) 


^r 



(3-7) 


Range = R • a 
e r 


where : 


R = radius of the (spherical) earth, 
e 

Alt = antenna altitude in same units as R . 

e 

(0,(f) = pointing direction of unrotated antenna. 
= range eingle. 

= heading angle. 


Then; 


a_ ® tan {sin<j /tana ) 

^ -1 ^ 
=■ cos {cosa^/cosa 2 ) 


If aj^>90°, - 180®. 


(3-7a) 


Example, let R^ = 6400 km, Alt = 200 km, and (0,^) 


(60°, 120°). Then; 


» 3.263975° 

Oj - 1.6333° 

Range =• 364.56 km. 


6 = 30° 

^r 

-■ 2.8263° 
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3.3.2 Beam Direction From Latitude and Longitude 


Given and we may invert eqns. (3- 7a) to find: 


Then: 


o = cos ^(cosa, 'Cosa-) 

= sin (cosaj^»coso^*sina 2 ) 

(Ji = <ji^ + 90^ 

2 = (R + Alt) - R cosa, COSn 

e e I 2 

X = -R cosa, sina« 
e 12 


(3-8) 


(3-9) 


y = R sina, 
el 


/ 2 ^ 2 ^ 2 
r = V X +y +z 

0 = cos ^ ( 3 /r) 


Example, let R = 6400, Alt = 200 km, a, = 2.82631°, and a = 1.6333°. Then 
e 12 


= 3.263975 
4 > = 29.9997 30^ 

= 120 ° 

z* = 210.382 km. 


X' 

y’ 

r* 

6 


= -182.19476 km. 
= 315.5738 km. 

= 420.764 km. 

= 60° 


3.4 Data Handling Techniques and Data Reduction 


With the vast amounts of data generated by this algorithm, it was clear 
that in order to obtain usable results, the data must be reduced to pictoral 
form. Five modes of presentation were •'.eveloped. These eire; 

1. Printer profile plots of "principal planes." 

2. Printer contour plot of the entire region of interest. 

3. Plotter profile plots of "principle planes." 

4. Plotter contour plots of the entire region. 

5. Plotter three-dimensional plots of the entire region. 

The printer plots provide a quick and .inexpensive preview of the results of 
the simulation. If satisfactory results are obtained, then the Calcomp 
plotter is used to draw more detailed plots. 
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When the Tektronix 4051 interactive graphics terminal is made operational, 
many of the data presentation problems will be greatly simplified. It will 
be then possible to quickly draw a complete contour "footprint" from any 
data set. If a permanent copy is desired, a hard copy or photograph may be 
taken. 


3.5 Areas For Further Development 


The mathematical model discussed here is preliminary in nature and its 
algorithms will be refined and expanded during Phase II. 

The most significant addition to the model will be the incorporation of data 
gathered from near-field and far-field electrical measurements, thermal 
measurements, and mechanical tests of the subarray panels. These data, to be 
taken during Phase IV, will be used by the model to predict the performance 
of the full-size SMR antenna. It is planned to add these modules to the 
algorithm during Phase III. 

The other important addition to the model will be the inclusion of a module 
to accept arbitrari' array elements and/or total antenna type. With this 
change, other antenna types, such as reflector 6mtennas, other aperature 
antennas, and traveling wave antennas, can be simulated as well as arrays 
of antennas with arbitrciry elements. 

3.6 Summary and Block Diagram Of The Simulation Algorithm 

The operation of the SMRA mathematrcal model can be summarized by the 
block diagram shown in Figure 7. Only those modules presently implemented 
are shown. 
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Figure 7. Operation of the SMRA mathematical model. 










4.0 THE SMRA SIMULATION PROGRAM 


A computer program was written to implement the simulation algorithms of 
Section 3. It produces line printer plots and Calcon^ plotter plots of the 
anteann footprint on the earth's surface. The organization of the program is 
shown in Figure 8, and a description of each program segment is given in 
Section 4.1. 


4.1 Program Description 


MAINPGM - Performs mostly housekeeping chores and calls other routines 
according to user input commands. It calculates the "YAW- 
TILT-TWIST" array, predicted beam center location, plot 
normalization factor (pattern value at predicted beam center 
location) , increments beam pointing angle to cover entire 
"footprint" region and initiates profiles along lines of 
constant latitude and longitude intersecting the predicted 
beam center. 


ANTENA - Inputs and calculates appropriate antenna parameters: number 

of elements, spacing, phase shift, number of subarrays, 
polarization, and element type. After calculations have been 
performed, a summary is printed. 

MECH - Calculates mechanical deformation data based on the inputs 

from STRESS, THERML, and MISC. For each subarray, MECH 
calculates the average displacement ZAVG, the tilt angles, 
ALPHAX and ALPHAY, and the error coefficient of the bilinear 
approximations. A summary is printed after execution. 

STRESS - Determines the warpage of the array that is due to mechanical 
considerations . 


THERML - Will determine the warpage of the array due to thermal gradients 
across 2 md through the array structure. (Not Yet Implemented) 
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MISC 


ELEC 


ORBIT 


PAT 


AF 


GENER 


OUTPUT 


PROFIL 


PATCON 


- Inputs any other deformation data not covered by STRESS and 
THERML. 


- Inputs the amplitude, phase, and linear phase gradients of each 
subarray. This information is passed to PAT via common block 
ELCTRC, and a summary is printed. 

- Inputs orbital parameters euid antenna YAW, TILT, and TWIST, 
then prints a summary. 

- Is the basic pattern subprogram. Given latitude-longitude 
coordinates on the earth’s surface, it performs all translations 
and rotations to determine the beam pointing angle (u,v). It 
then calls AF to find the subarray factor and finally computes 
the sura of all subarrays. 

- This function calculates the array factors of a sxibpanel by 
"table look-up" with linear interpolation if |u| < UMAX and 
|v| < VMAX. Otherwise, the AF is confuted in the usual way. 

- This routine generates the table used by AF. Table length is 
1001 words; UMAX and VMAX are chosen to include the main beam 
plus the first three side lobes. 

- Treuislates user commcuids for printer and pattern output into 
logical switches for the program. 

- Is the printer profile plo*- routine. It will print a one- 
dimensional plot down the page for up to 501 data points. The 
exact values of both the abscissa ^md ordinate are printed 
with each data point, the ordinate also being printed in dB. 

- Is chiefly a "bookkeeping" subroutine for CO.ITUR. It calls 
subroutine CONTUR three times to generate a complete 151 x 151 
two-dimensional contour map. 
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CONTUR 


PLOTl 


PLOT2 


PLOT3 


TAPEl 


TAPE2 


DISK 


STATUS 


- Prints a 51 X 151 contour plot of the footprint. To obtain a 
complete 151 x 151 plot, this routine is called three times by 
subroutine PATCON. Then the three separate plots are pasted 
together to make the composite. 

Is the Calcomp one-dimensional plot routine. It is called 
twice by the main program, and it is used to generate the 
profile plots of the principal planes through the main beam. 

- Is the Calcomp contour map routine. From the data used to 
generate the printer contour map, it draws a continuous contour 
plot of the antenna ground footprint over the rectangular 
region specified by the user. 

Is the Calcomp three-dimensional plot routine. It plots the 
magnitude (in dB) of the footprint pattern over rectan^lar 
region specified by the user. 

- Will be used to store the patteiu matrices euid other important 
varicibles so that additional plots may be generated by other 
programs without recomputing the data. (Not Yet Implemented) 

- Is the ARL data tape routine. It stores the antenna pattern 
as a function of u and v and is used whenever ARL requires a 
new antenna pattern for their processor modeling program. (At 
present, TAPE2 is a stpeurate computer program.) 

- Will be used to store pattern data on a disk drive at PSL. 

(Not Yet Implemented) 

- Will be used to determine what data has been stored by TAPEl 
and DISK, to selectively erase emy simulation run, and to 
reinitialize the entire storage area. (Not Yet Implemented) 
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4 . 2 Input/Output and Flexibility To Th e Mser 

The program input data has been structured so that user knowledge of computer 
fundamentals is not required. Consequently, the progra:n can be used by 
euiyone desiring information concerning the footprint of a particular antenna 
configuration. 

The input has oeen divided into six modules. These are; 

1. Simulation Information 

2. Antenna Position and Orientation 

3. Output Commands and Parameters 

4. Antenna Configuration 

5. Antenna Mechanical Parameters 

6. Antenna Electrical Parameters 

By including input parameters in these six categories, it is possible for 
the user to simulate a wide range of electrical, mechanical, and physical 
scenarios. Furthermore, a change in the simulation does not require that 
the complete input deck be repunched. When related scenarios ar , br ■ 
studied, only one of the six modules need be changed. 

Examples of different Simula ions are deferred to Section 5. 

4.2.1 Simulation Information 

The simulation information consists of three entries: 1) the simulation 

number, 2) the date of the simulation, and 3) a short narrative describing 
the simulation. The simulation number and date provide bookkeeping reference 
information. The narrative is printed at the beginning of the computer 
output to allow quick identification of the program output amd future dates. 

4.2.2 Antenna Position and Orientation 

The parameters used as input for this category £u:e antenna altitude, yaw, 
tilt, twist, emd frequency. Altitude is expressed in kilometers, the ^lngles 
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are expressed in degrees, and frequency is caressed in GHz. These parameters 
are more fully described in Section 3.2. 

4.2.3 Output Commands and Parameters 

Five logical s-vitches are used to control the five output categories of 
Section 3.4. If a particular output is desired, the associated conmand 
switch is set to logical "1". In addition to the output commands, it is 
necessary to specify peurameters for those output devices which have been 
turned on by the output commands. 

The parameters needed for a particular simulation are governed by which 
logical switches have been previously engaged. If any output command is 
entered, then the latitude and longitude limits of the footprint must be 
entered. If a plotter contour map is desired tne contour level parameters 
are required. For a printer contour, the highest contour, lowest contour, 
and contour l^vel interval must be entered. For any two- or three- 
dimensional plot, the plot resolution is necessary. 

Some outputs do not require a command. The narrative described above and 
the summaries described in Section 3 have no conmand viord; this information 
is always printed. 

4.2.4 Antenna Configuration 


This category contains all the parameters needed by subroutine ANTENA. These 
include the number of subarray sections, the niimber of elements, the 
jntereleiTient spacir.gs in centimeters, the interelement phase shifts in 
degrees, the element type, and the element polarization. 

4.2.5 Antenna Mechamical Information 

Antenna mechanical information includes all the parameters needed by subroutines 
STRESS, THERML, and MISC. In this preliminary simulation model, the displace- 
ment of the antenna from nominal flatness (expressed in centimeters) is 
entered through subroutine MISC. 
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4.2.6 .Anten n a Electrical Parameters 

All excitation information is entered through siibroutine ELKi.. The necessary 
parameters provide information concerning the excitation magnitude, phase, 
and any linear phase taper for each subarray section. 



5.0 EXAMPLES OF CCMPUTER SIMULATION RUNS 


The followinq pages illustrate the actual line printer output from the 
Shuttle Multispectral Radar Antenna Simulation Program. The pages run 
in sequence; no attempt has been made to join the profile plot or contour 
map tcg^^her. However, a photo-reduction of a typical composite 

contour map is shown in Figure 9. 

The comments printed with the pattern output provide all the necessary 
information to visualize each scenario being simulated. All antennas 
have the following characteristics in conincn: 

1. Frequency = 9.0 GHz 

2. Tilt Angle = 50° 

3. Altitude = 200 km 

4. Polarization: Horizontal 

5. Configuration: Both modules excited for minimum beam width 

6. Number of elements: 504 x 12 

7. Element spacing: 2.2966 x 2.3550 cm 

8. Phase Shift: 0° 

Pattern 100 is the simulation of the baseline design, with no electrical 
or mechanical errors. Pattern 101 illustrates pattern errors due to 
misalignment of the three panels. Pattern 102 shows the effect of a 
spherical bow in the antenna vrtiich might be induced by thermal gradients 
through the antenna surface. A systematic phase error is simulated by 
Pattern 103, and Pattern 104 provides information on errors caused by 
Shuttle attitude errors. 
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E«*»ri£ St 

OE«CNSTB«TICA OB THE EBFECT OF SHUTTLE ATTITUDE EMCBS ON FULL I-BANO 
HOIECNTAL AAFAV FERFCAHANCE. 


SVSTEH IHFOAHATiaNt 
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TUT • S2.0C0 CECAEES 

TWIST ■ S.OOO CEGREES 

altitude ■ 200.000 KH. 


AKTEWNA PAFAWETEAS FCR StHULATICH KUFBER LOA 
ELEHENT types HCAIZCNTAl CIPOLE 
KUNOEA CF ELEHFKTS U.YI « ISCA . 121 

IHTEAELE^ENt SPACING ICp.Is 2.2966 . 2.3SSO 
INTEAELENEAT phase shift IOEC.lt 0.0 I 0.0 
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*LCT NC«l>ALa*TICN »*CTC« • -SS.MC DB. 
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6.0 A SUf-UtARY 0? OTHER AREAS OF ENDEAVOR 


6.1 The Need For Integration of Antenna Studies With Processor Studies 

The University of Texas at Austin Applied Research Laboratory has been 
developing a computer model of the SMR radar processor with the goal of 
specifying hard*.-’=>re requirements, data rates, etc., for the SMR system. 
Communication lines between ARL and have been set up during the latter 
part of the Phase I contract period in order to integrate PSL's antenna model 
euid ARL's processor model into a more realistic total SMR system simulation 
model which will eventually be capcUsle of accurately predicting the perfor- 
mance of the overall system. Prior to this interchemge of information, both 
ARL and PSL were using well-developed models of their respective subsystems, 
but both teams had made somewhat unrealistic assumptions about the quality of 
the other group's components. Both groups were assuming "perfect", ideal 
performance characteristics from the other’s subsystem. 

It is felt that a continuing excheuige of ideas, results, and data will yield 
two import 2 uit benefits in the shuttle study effort. First, the very act of 
excheuiging data demands some familiarity with the roles which the antenna, 
radar, and processor play and the way they interact with each other and the 
rest of the system. Too often this understanding is lacking, resulting in 
a poorly designed system composed of independently well-designed subsystems. 

By "closing the loop" with a free exchange of information, it will be possible 
to provide NASA/JSC with information that will be able to predict accurately 
the total system performance. The ARL or PSL models standing alone cannot 
do this. 

Secondly, any constraints upon the antenna imposed by the rest of the system 
can be identified, and vice versa. This will allow bounds to be set on 
optimum design requirements based on errors and uncertainties v;ithin other 
system comixinents. For example, a user may desire a 25 meter ground cell 
resolution over a 100 km swath, but because of filtering problems in the 
range compressor, it may not be feasible to implement so fine a resolution. 

As a consequence of this radar restriction, it may be possible to relcix 
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beam pointing accuracy requirements. By exploring all such constraints it 
should be possible to "box in" a feasible region of acceptable operation. 

By making hypothetical tradeoffs within this region, the most cost-effective 
system can be specified. 

Passing large amounts of data between two widely separated locations can 
become a formidable task unless conqputer conqpatible magnetic tapes or disks 
are used as the medium of communications. Ar: auxiliary computer program was 
written to create data tapes from the output of the PSL antenna simulation 
program. The contents of these tapes is discussed in the next section. 

6.2 The ABL SMRA Performance Data Tape 

The details of the data tape contents, format, etc. , are described in the 
interface Control Document entitled, "The Shuttle Imaging Radar Antenna 
Ccxnputer Simulation Data Tape" of August 27, 1976. Hence, only a brief 
description will be given here. 

Bie (one-way) far-field radiation pattern of an array antenna may be written 
as the product of three terms. 

E(r,6,^) = Eg (r) f ( 0 , (|)} g(6,^) (6—1) 

V <6-2) 

■ 4ttr 

«diere: 

f(0»^) = antenna array factor 
g(9»(f) = vector element pattern factor 
Only data for |fg| has been stored, since tiie Eg (r) term may be calculated 
without regard to 9 and If polarization information is needed, it may 
be added quite easily. 

A coordinate transformation has been performed to simplify calculations. 
Rather than store |f(0,;{i) g(9,(}i)|, let 


u = sinOcos.^ 

V = sinScos-J) 


( 6 - 3 ) 
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The advantage of storing f eind g as functions of u and v is that more data 
points are clustered within the main be£un. However, even in the (u,v) -coor- 
dinate system, the narrow azimuth beam width of the SMR wtenna demands 
rather dense discretization. To minimize interpolation errors, at least 
twenty points on either side of the main beam (in both u and v) eure needed. 
This requirement makes storage of the entire (u,v,) -space or, equivalently, 
(6,^)-space prohibitive. Therefore, only the main beam and first two side 
lobes have been included. (All other side Ic^s are nominally 20 dB or more 
below the main beam maximum.) Data may be recovered quite easily using 
the procedure described in the ICO. 

6. 3 SMRA Subarray Preliminary Specifications 

The purpose of constructing subarray panels is two-fold: 

1. To produce realistic simulation and measurement of reduced-size 
array behavior and to extend this to a prediction of full-size array 
behavior. 

2. To verify the ability of near-field euitenna pattern measurement 
techniques to measure full-scale SMRA characteristics, particularly 
in gain, beam coincidence, and cross-polarization levels at X-band. 

The specifications on these test panels are based on an estimate of the 
tests eUid measurements tiiat will be required to obtain the above results. 

Objective (1) may be achieved fay measurement of antenna characteristics 
(such as beam shape, footprint coincidence, etc.) under laboratory-simulated 
thermal and mechcinical stress. Phase I studies have shown this to be 
critical, particularly at X-band. Once this baseline simulation has been 
done, systematic errors in the mechanical flatness of the suharray can be 
induced by mounting the subarray in a standard rigid jig; antenna pattern 
would then be measured for the subarray under thrr:e simulated stress 
conditions, which would be used tc verify the ability of the computer 
simulation mode (developed under Phases I and II) to predict the actual 
measured antenna pattern distortions. Finally, from the measured data md 
the verified computer simulation, it should be possible to predict the 
pcrform.iMce of the full-scale srii^ antenna, under rospense to space condi'ion 
thermal stresses, panel unfolding mechanism accuracy, etc. 
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To check the above mentioned near-field measurements, the near-field antenna 
patterns (mecisured at NBS) will be compared with the far-field measurenents 
taken at PSL. 

The measurement specifications and their justifications that are listed here 
are based on data presently available, and as such axe only preliminary 
requirooents. As more information regarding antenna behavior is <d>tained 
through interactive graphics simulations of various space environn^ntal 
conditions, these specifications %rill be refined. Final specifications for 
the subarrays will be delivered at the close of Pluise II. 

6.3.1 Meastirements Necessary to Obtain Desired Data 

Both near-field and far-field pattern measurements should be performed to 
verify the baseline electrical performance of each subauxay. Near-field 
tests will be conducted by NBS (Boulder), while conventional far-field 
testing will be done using the 3000* PSL antenna range. A carefxilly 
defined set of electrical perform^mce tests will be issued early in 
Phase III. The purposes of using two independent tests are: 1) to rcm^are 

conventional far-field testing techniques to the near-field techniques for 
the subarray and 2) to establish the testing accuracy and capability of the 
near-field technique, when used for measuring the full-scale SMRA. 

Thermal tests will be performed on the subarrays, with measurements of 
mechanical flatness performed simultaneously. Ideally, the goal of the 
thermal tests would be to determine the expected thermal response of the 
full-size antenna plus support structure. However, it has been indicated 
that the dc ign of a support structure that would replicate the performance 
of the full-size structure will increase the subarray cost to a prohibitively 
high level. Consequently, at this time it is felt that it would be more 
cost-effective to determine the tliermal gradient - mechanical deformation 
relationships between each subarray and a common support structure. After 
this data has been analyzed, separate specifications can be made for the 
support structure. 
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Tto provide data on the effects of mechanical deformation on antenna pattern 
parameters, an instrumented jig for the subarrays should be obtained so that 
simulated random and systematic mechaknical errors may be induced into the 
subatrray surface. lO obtain pattern data, these tests should be performed 
simultaneously with the NBS near-field measurements. In this way, the 
effects of mechanical deformations on antenna performance which were predicted 
by the computer simulation can be verified, and an extrapolation can later 
be made to the peiformance of the full-size SHRh. 

The results of these tests will be enteiced into a more advanced version of 
the SMRA simulation model as representative of space environmental thermal 
effects, with predictions made of pattern degradation, beam pointing 
inaccuracy, etc. Consequently, consideration should be given to the form of 
measurement data storage. It is our opinion that the most efficient method 
of managing large amounts of nvunerical information is to generate computer 
oompatable digital and/or analog magnetic tapes for each test result. 

6.3.2 Requirements Imposed By Measurenent Facilities 

In preliminary discussions with Hughes and Ball Brothers, a 6’ x 6' ^u^ea 
subarray was used as an approximate size. This size estimation was made 
using the following criteria: 1) the area was electrically large enough to 

allow meaningful electrical and thermal tests which could with a computer 
simulation model, be used to predict full-size array perf onnance , and 2) 
the antenna effective aperature was small enough to conveniently make pattern 
tests using both near-field and far-field techniques. 

The principal concern of (1) is to minimize the edge effects of the smaller 
subarray so that a better prediction can be made for the full-size SMPi\. 

There are some guidelines in the literature^, but even by following these 
suggestions, the subarrays would still be too large for meaningful far-field 
measurements. Tnerefore, criterion {2) is the most restrictive. 

^ c.f. N. Araitay, V. Galindo, ar.d C.r. Wu, Thcoir/ and .Hnaly s i:-, of rhas '!i 

Array A nt ennas , John Wiley and Sons Inc., (New York): 1972, pp. J2G-430. 
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The rule-of-thumb used by many antenna engineers for pattern testing is that 

the separation between the sourre and test antenna be greater than 2D^/X* 

where D is the test antenna maximun dimensions. This criterion corresponds 

to a X/16 path length difference between the source antenna and the extrema 

of the test antenna. For precise measurement of null depths and side lobe 

levels, several times this distance may be necessary. The longest leg of 

the PSL antenna range is 3000 * , which corresponds to a maximum antenna 

dia»nsion of 3S' at 1.2 GHz and 12.27* at 9.8 GHz. Using four times the 

rule-of-thumb distance corresponds to 17.5* at 1.2 GHz and 6.135* at 9.8 GHz. 

This criterion (80^/\) should provide sufficient accuracy (equivalent to a 
o 

5.625 departure from planeness of the incident spherical wave) for all 
necessaury measurements. Therefore, six feet is the upper bound on the 
maxiBBim dimension (azimuth) of the X-band subarray. 

Since the subarrays are to replicate the design approaches of the counting 
full-size arrays, the azimuth dimensions on the L-band section of the 
subazray should be 6* also. The elevation dimension of the arrays are open 
at this time, but for ease of handling, cost minimization, etc., it is 
proposed that it also be limited to six feet. This makes practical sense, 
because increasing the elevation dimension will not decrease the edge 
effects in the azimuth dimensions. Consequently, the most cost-effective 
design for the measurements which are necessary would be a square subarray. 

The 6* x 6* subarray size can be accommodated by the other test facilities 
needed for the measurements described in Section 6.3.1. The near-field 
facility at NBS (Boulder, Colorado) can measure both gain and directivity 
of this size antenna with an uncertainty claim of better than 0.2 dB at 
the 3o level, at both L- and X-bands. Facilities exist at HASh/JSC and 
elsewhere that can perform mecir.ingful thermal and mechanical tests on a 
6* X 6* structure. 

6.3.3 A Summary of The Preliminary Specifications 


Tlie preliminary specifications for the SMRA test panels, based on the above 
considerations, are presented in Table 3. 
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TABLE 3. Preliminary specifications for the SKRA test panels. 


1. The size shall not exceed 6* x 6' . 


2. The weight shall not exceed 200 lbs. 


3. The test p£mel shall operate at 1.5 GHz and 9.0 GHz. 


4. Both horizontal and vertical polarization shall be 
available at each frequency. 


5. The cross-polarized component shall not exceed -25 dB 
with respect to the principally-po'.arized component. 

6. Two modules shall be present at both frequencies to 
demonstrate beamwidth switching. 

7. This VSWR shall not exceed 1.3 in any mode of operation. 


8. The maximum side lobe level shall not exceed 12 dB. 


9. All array elements, feedlines, and the electrical 

design approach shall be the same as that which will 
be used on the full sized antenna. 



APPEtlDIX 


This appendix contains the oon^uter listing of the Shuttle Multispectral Radar 
Antenna Simulation Program. This listing was obtained by compiling the program 
on the Physical Science Laboratory/Mew Mexico State University IBM 370/135 
coa^)Uter using DOS FORTRAN IV. 

Mhile the majority of this program can be run on any oonpatlble IBM machine, 
the user is cautioned to examine all subprograms carefully for calls to 
functions and subroutines that may not be standard software items. Special 
attention is called to the subprograms PLOT, AXIS, LINE, and NUMBER. 
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